Mainland Southeast Asia underwent dramatic changes after the mid-first millennium B.C.E., as its populations embraced new metallurgical and agricultural technologies. Southeast Asians transformed their physical and social environments further through their participation in international maritime trade networks. Early state formation characterized much of the mainland by the mid-first millennium C.E. We examined a protohistoric (200 B.C.E.-200 C.E.) skeletal sample from the Vat Komnou cemetery at Angkor Borei in the Mekong Delta (southern Cambodia) to understand the health impacts of this changing environment. Degenerative joint disease patterns indicate a distinct sexual division of labor. Although intentional dental filing was practiced, its impact on oral-dental health could not be determined. Dental pathologies suggest a mixed diet with more fibrous foods and a lower reliance on soft, processed agricultural foods. A broad-spectrum diet and varied use of the local environment are inferred from the faunal evidence. Stable isotope ratios indicate a relatively greater reliance on fish and estuarine dietary resources than on terrestrial protein. Affinities with other groups in the region are suggested by the cultural practices of the relatively tall, healthy inhabitants from Vat Komnou.
INTRODUCTION
MAINLAND SOUTHEAST ASIA UNDERWENT DRAMATIC CHANGES AFTER THE MID-FIRST MILLENNIUM B.C.E., as its populations embraced new metallurgical and agricultural technologies (Stark 2006a) . Its physical and social environment was further transformed by the emergence of international maritime trade and socio-political reorganization associated with early state formation (Stark 2003 (Stark , 2004 . The wideranging variability in mortuary treatment, construction of moderate-scale earthworks around large settlements, beginning of specialized metal production, and appearance of regional settlement hierarchies during the period 500 B.C.E.-500 C.E. provide strong evidence for an emerging socio-political complexity in Mainland Southeast Asia (Kim 2013; Manguin 2004) . During Cambodia's transition to history, such a dynamic environment would have affected the health of inhabitants of the region as they adapted to changing roles.
To understand the health impacts of this changing environment, we examined a skeletal sample from the Vat Komnou cemetery at the Angkor Borei site in southern Cambodia, located on the western edge of the Mekong Delta (Fig. 1) . The earliest documented occupation of Angkor Borei, within which Vat Komnou is located, dates to the mid-first millennium B.C.E. (Stark 2003; Stark and Bong 2001) . The Vat Komnou cemetery dates from 200 B.C.E.-200 C.E. (Stark 2006b:100) , which falls within the Protohistoric or Early Historic Period, c. 500 B.C.E.-500 C.E. ( Table 1 ). The "Protohistoric Period," in reference to evidence of early state formation in the Mekong Delta (Stark 2004:91) , is synchronous with the "Iron Age" in Mainland Southeast Asia (Higham 2014:196-269; O'Reilly 2014) . Both terms will be used as the various scholars intended in the works cited here.
Interaction between biology and behavior remains a central theme in bioarchaeology, with particular attention to influences of environment and culture on human biological variation (Larsen 2002) . The goal of this research is to investigate the biological implications of cultural practices (i.e., the "biocultural" environment) using the skeletal and dental data recorded from the Vat Komnou cemetery sample at Angkor Borei. How did cultural practices, such as sexual division of labor, modification of teeth, and diet, affect people's health during the Protohistoric Period? In this article, we review human skeletal, zooarchaeological, and botanical data, which has been produced by the Lower Mekong Archaeological Project (hereafter LOMAP) since 1996, to study environmental change and past human responses in the northern Mekong Delta and neighboring regions, with an emphasis on comparative osteological patterning.
PHYSICAL ENVIRONMENT
Mainland Southeast Asia's climate is dominated by seasonal tropical monsoons that affect agricultural production. Most large settlements during the Protohistoric/Iron Age Period were concentrated in either coastal areas, major floodplains and river valleys, or around the perimeters of freshwater lakes (Stark 2001a) . Much of Vietnam's Mekong Delta would have been uninhabitable until the early centuries C.E. (Reinecke 2012:252) , while the delta's northern and western fringes (in Vietnam and Cambodia) could have been settled by c. 4000 B.P. Mounded settlements in the floodplain areas have been documented in both Thailand and the Mekong Delta; these could have supported large populations through rainfed and flood recession agricultural strategies (Stark 2006a:414 ). Cambodia's lowlands are defined by the Tonlé Sap (the largest freshwater lake in Southeast Asia) and the Mekong River. During the annual rainy season, Cambodia's floodplains are partially inundated, providing excellent conditions for growing rice (Nuttonson 1963:105) . Temperatures range from 68 to 97°F and humidity is consistently high.
The Angkor Borei site (Takeo Province, Cambodia) is located 5-10 m above sea level on a marine terrace in the upper portion of the Mekong River delta plain, an area that experienced its first settlement surge in the late centuries B.C.E. (Stark 2006c) . This region was characterized by terraces, channels (human and natural), and backswamps (Bishop et al. 2003:360-361; Tamura et al. 2009:328) . Scrub forest, grasslands, and marshlands that covered this region between c. 2000-1000 B.C.E. offered abundant wildlife resources for settlers to the community (Bishop et al. 2003; this study) . Fish species recovered through LOMAP excavations in 1996, 1999, and 2000 came from natural drainages and ponds; local residents supplemented these natural water features by constructing canals and reservoirs during the settlement's peak occupation.
The Mekong Delta has experienced progradation for the last 6300 years (Tamura et al. 2009:336) , but migrating mangrove forests from southern Vietnam that crept northward in the delta may not have reached Angkor Borei by the time populations settled the region in 400 B.C.E. Microfossil and sediment evidence from the cores indicate peak levels of land use intensity and occupation of Angkor Borei occurred prior to the fifth/sixth century C.E. By the late fifth to late sixth century C.E., at the end of the Protohistoric Period, there was a dramatic reduction in grasslands and a corresponding expansion of secondary wet-land forest, signaling a period of decreased land use intensity, changing priorities, or a decreasing population (Bishop et al. 2003:389-390 across most of mainland Southeast Asia's coasts interacted with South Asia from the second through fourth centuries C.E. (i.e., the time of Angkor Borei) (Bellina 2014; Calo et al. 2015; Carter 2015; Dussubieux and Gratuze 2003) . Figure 2 illustrates examples of glass beads recovered from the Vat Komnou cemetery. By 500 C.E., many of Southeast Asia's coasts and major river valleys housed large populations in large "urban" centers. These urbanized polities involved highly stratified and centralized economic systems; some had full bureaucracies (Manguin 2004; Stark 2006a) . Despite dramatic socio-political changes, population stability in multicomponent archaeological sites has been documented in Thailand, Vietnam, and Burma (Kim 2013; Manguin 2009; Stark and Bong 2001) .
PROTOHISTORIC PERIOD IN THE MEKONG DELTA
Archaeological, epigraphic, and art historical research demonstrate that the Mekong Delta was the center of Funan, mainland Southeast Asia's first civilization showing the hallmarks of statehood (Manguin 2009; Stark 2003:89-91) . Chinese documentary evidence suggests that the kingdom of Funan emerged in the Mekong Delta, possibly in the late first century C.E. (Ishizawa 1995:14) and flourished as an early state between the second and sixth centuries C.E. (Stark 2003:89) . The Funan territory stretched approximately 600 km along its east-west axis, expanding to c. 2000-2400 km in the third century C.E., and contained at least a dozen urban centers connected by 200 km of canals (Stark 2001b:21) . Funan is depicted as a powerful, great nation that prospered from maritime trade and inland agriculture, stabilized the southern region, and then declined in the latter half of the sixth century C.E. due to the advancement of hostile forces (Ishizawa 1995:16-18 (Manguin 2009; Manguin and Vo 2000) . A complex network of rivers and canals connected Angkor Borei and Oc Eo sites. The similarity of the artifacts found at these two archaeological sites suggests early historic interaction and participation in a vast regional system spanning the delta (Carter 2016; Dussubieux and Gratuze 2003; Stark 2003:91) . Chinese emissary accounts from third century C.E., local oral traditions, and the higher density of the earliest indigenous inscriptions in the northern part rather than in the swampy southern part of the delta suggest that the political centers of Funan lay to the north in what is now the Kingdom of Cambodia (Ishizawa 1995:16; Stark 2003:91) . Angkor Borei remains a strong candidate for one of the ancient polity's capitals, as its social and political importance appears to have continued throughout the subsequent pre-Angkor Period (Stark 2006b (Stark , 2006c .
VAT KOMNOU, ANGKOR BOREI
The archaeological remains of an ancient settlement of brick architectural monuments and associated moats and ponds lie beneath modern-day Angkor Borei (Stark 2006c) . Angkor Borei spans approximately 300 ha and contains over 100 water features (Stark and Bong 2001) . Three areas of Angkor Borei were excavated from 1999 to 2000 by Miriam Stark and colleagues as part of LOMAP (Stark 2001b) (Fig. 3) . Human skeletal remains were recovered from excavation unit AB7, a 5 m Â 2 m unit near the edge of a cemetery mound at Vat Komnou (Fig. 4) . A total of 111 individuals were sorted from 57 burial features and analyzed for health indicators, including fertility estimates, stature, dental enamel hypoplasias, oral-dental pathologies, infectious disease, porotic hyperostosis (osteoporosis) of the cranial vault, cribra orbitalia, trauma, and degenerative joint disease (DJD) (Ikehara-Quebral 2010 , 2012 Pietrusewsky and Ikehara-Quebral 2006) (Table 2) .
Long-term use of the cemetery is suggested by the depth of the stratified burial deposits, the disturbance of presumably long-forgotten individuals during the later interment of others, and the partial mineralization of some of the skeletal elements. Despite site disturbance, the presence of 33 primary burials, most interred in the same orientation (with head pointing southwest), suggests the excavated portion (approximately 0.03 percent of the mound) was part of a designated communal burial area. The Vat Komnou mortuary assemblage includes beads, ceramics, and faunal remains (Bong 2003; Carter 2012 Carter , 2015 Carter , 2016 Dussubieux and Gratuze 2003; Fehrenbach 2009; Hammerle 2004; Stark 2006b; Voeun and von den Driesch 2004) . Bishop et al. 2003.) Ceramics LOMAP excavations from 1996 to 2000 produced approximately 157,000 ceramic sherds from Angkor Borei and 151 reconstructable mortuary ceramics from Vat Komnou (Bong 2003) . Ceramic evidence at Angkor Borei suggests broad interactional networks with populations across the Mekong Delta intensified over time, while complex, community-based, local manufacturing traditions persisted (Fehrenbach 2009:157) . Preliminary analyses of the distribution of ceramic vessels clearly associated with primary burials indicate that pots were buried at the feet or near the lower legs of the deceased; they were found in equal numbers buried with adult males and females, and also found with subadults (Ikehara-Quebral et al. 2013) .
Fauna
Over 32,000 faunal fragments recovered archaeologically from Angkor Borei were examined by Voeun Vuthy and William Belcher, although over 14,000 fragments were unidentifiable beyond class level (i.e., as mammalian, etc.). All major taxa of local fauna are represented, including both wild resources as well as domesticates (Table 3) . The dominant mammal in the assemblage is domesticated pig (Sus scrofa), primarily juvenile to young adult. Most of the pig remains were recovered from burial feature contexts and fill, although the context suggests these were not always clearly associated with primary burials. Sus scrofa comprises 30.4 percent of the total number of identified specimens (NISP) in the Angkor Borei faunal assemblage and nearly 80 percent of identified mammal remains. This suggests a reliance on domesticated pigs for subsistence; however, the importance of pigs as a form of symbolic offering is evident in the presence of pig heads Fish, including fresh and brackish water species, represent a large proportion of available protein sources at Angkor Borei, which is consistent with the relatively greater reliance on fish/estuary resources determined by stable isotope analyses of the human skeletal sample (see below). The two dominant fish species are the snakehead murrel (19.6 percent) and the climbing perch (11.4 percent), calculated as proportions of the total faunal NISP. Snakehead murrel and climbing perch make up 47.3 percent and 27.6 percent, respectively, of the bony fishes NISP. The importance of fish is underscored by its ritual use as mortuary offerings, including fish in ceramic pots placed with some of the Vat Komnou burials, a practice also found at Phum Snay (O'Reilly et al. 2006:202) . Snakehead murrel is an important ritual offering throughout South Asia; it is associated with Hinduism and Buddhist traditions that may have influenced these regional Southeast Asian cultures (Belcher 1998:391-394) . The faunal remains at Angkor Borei represent a broad-spectrum use of the local environment as well as possible trade materials from a more coastal area. Ongoing analyses of the faunal data aim to discern changes in the local environment over time.
Isotope Ratio Analyses
Strontium (Sr) isotope ratios measured in tooth enamel can inform patterns of mobility and inter-group migration practices (Bentley 2006; Bentley et al. 2007) . The strontium isotope signature is robustly preserved by tooth enamel in particular, even in tropical and subtropical environments (Bentley et al. 2009) O value of drinking water, but the detailed systematics from water sources to mammalian body to skeletal tissues are complex (Bryant et al. 1996; Kohn 1996) . Fortunately, due to the averaging of water sources in the body, d
18 O measured in teeth is typically reflective of geographic origin (Budd et al. 2004) .
Stable isotope ratios recorded in bones and teeth can be analyzed to document shifts in diet, assess the relative importance of particular foods in past populations, and may act as a proxy to the local environment (Larsen 2002; Lee-Thorp 2008) . Nitrogen isotope ratios (d 15 N) are assumed to record the average dietary protein intake (Lee-Thorp 2008), but they may be affected by farming practices such as manuring (Bogaard et al. 2013) . Carbon isotope ratios (d 13 C) can be used to assess the average amount of C 3 and C 4 plant consumption (including animals that consumed C 3 and C 4 plants) and may also be used to discriminate between marine and terrestrial food sources (Lee-Thorp 2008) . C 3 plants include all native fruit, nuts, herbs, and vegetables endemic to mainland Southeast Asia, including rice. C 4 plants, adapted to drier, more arid conditions than C 3 plants, include millets, sugarcane, and maize. Data presented below include results from isotope analyses conducted on rib bone and molar tooth enamel sampled from five males and five females recovered from Vat Komnou (Krigbaum et al. 2008) (Table 4) . (King et al. 2013; Newton 2014) and Noen U-Loke (Cox et al. 2011) (Fig. 6 ). Figure 7 depicts an expanded comparison, adding Neolithic and Bronze Age individuals from Ban Non Wat (King et al. 2013 ), a Bronze Age sample from Ban Lum Khao in the Upper Mun River Valley (Bentley et al. 2009) , an inland Neolithic to Early Iron Age sample from Ban Chiang (Bentley et al. 2005) , and a Neolithic coastal sample from Khok Phanom Di (Bentley et al. 2007) . The samples from the three Mun River Valley sites and Khok Phanom Di display a similar range of 87 Sr/ 86 Sr values, falling between 0.7091 and 0.7118, and are distinctly different from the two remaining samples (Bentley et al. 2009; Cox et al. 2011; King et al., 2013 (Krigbaum et al. 2008) . Burial 36, a male, appears to have emigrated from northern uplands (possibly Khorat Plateau) based on a water source signature (d 18 O PDB = À2.6) that is distinctly different from the range of male (À3.8 to À5.6) and female (À3.4 to À5.8) signatures observed in the other Vat Komnou individuals.
The burials that form the two isotope clusters were not spatially distinct from the other burials in the cemetery, but closer examination revealed differences in possible social status markers (Ikehara-Quebral 2010:43-44) . While most of the 33 primary burials were ritually buried with their head pointing southwest (including immigrant Burials 5, 22, 36), two notable exceptions belong to the first cluster, the non-local group. Burial 44, a 35-45-year-old female, was oriented with her head pointing northeast. She was interred with the most elaborate assortment of beads associated with a primary burial at Vat Komnou: 13 gold, 1 garnet, 1 Carnelian, and numerous glass beads. Burial 17, a 30-35-year-old male, was interred with his head pointing northwest. The difference in burial orientation was perhaps meant to signify a different homeland or social status.
The second isotope cluster, discerned as the local group, includes three Vat Komnou individuals that display purposeful dental filing of the anterior teeth (described below). Burial 36, considered non-local by isotope analysis, also displays dental filing. The very small number of Vat Komnou individuals with filed teeth (two males and two females, (King and Norr 2006) and two Neolithic samples from China: Jiahu, south of the Yellow River and associated with rice agriculture (Hu et al. 2006) ; and several millet-associated sites in northern China along the Yellow/Wei River drainage (Pechenkina et al. 2005) (Fig. 8) . At Ban Chiang, previous isotopic studies suggested a broad spectrum economy at least until the end of the Bronze Period (Bentley et al. 2005 ) and a diet consistent with wet-rice agriculture and domesticated animals (King and Norr 2006) . Based on analyses of both bone collagen d 13 C and d 15 N, bone apatite d 13 C, and D 13 C bone collagen-apatite spacing, Krigbaum and colleagues (2008) suggested the Vat Komnou inhabitants consumed relatively less terrestrial protein, but with a relatively greater reliance on fish and estuarine/riverine protein compared to the other groups, and little or no evidence of a C 4 diet such as the sample population from the Yellow/Wei river valleys. A diet dominated by C 3 food resources, which would include rice, is suggested by d
13 C between about À20.5‰ and À18‰ in bone collagen at Vat Komnou, supplemented by some terrestrial protein and substantial riverine/ estuarine protein (Fig. 8 ). This is consistent with the Southeast Asia archaeological record, which depicts rice cultivation as a mainstay of the subsistence economy at Iron Age sites such as Noen U-Loke (Higham 2014:247) . To further illuminate Vat Komnou dietary and cultural practices based on stable isotope ratios, additional bone and tooth samples, including faunal remains, are being analyzed. 
Human Skeletal and Dental Remains
Preservation of the Vat Komnou human skeletons ranges from very poor to excellent, with the majority in good to fair condition, while completeness ranges from a few fragments to nearly complete skeletons. Life expectancy at birth for individuals is nearly 23 years using an abridged life table or 25.3 years based on the estimated median age-at-death of each individual (Ikehara-Quebral 2010) . The total fertility rate is high, estimated at seven children born to each woman reaching 45 years. Subadults comprise about one-third of the burial sample and nearly half of the adults (individuals 20 years or older) died during young adulthood. The adult (≥15 years) male-to-female ratio of 2:1 is significantly different from the expected normal distribution of 1:1 in sites worldwide (x 2 = 8.117, df = 1, p = 0.0044, N = 77). 1 This difference may be attributed to differential mortuary practices, immigration of male laborers, or the out-migration of females. Estimated adult stature of the Vat Komnou sample is 165.3 cm in males and 154.8 cm in females (Ikehara-Quebral 2010) , comparable to other pre-modern Southeast Asia samples, but 4 cm taller than modern inhabitants of Cambodia (Olivier 1968; Sangvichien et al. 1985, n.d.) .
The incidence of infectious disease at Vat Komnou is very low, affecting 4.5 percent (5/111) of the individuals, and only affecting males (four adults and one adolescent). All cases represent chronic infectious disease, including possible treponemal infection (Ikehara-Quebral 2010:149-150) . Evidence of acute infectious disease, such as the flu or weanling diarrhea, would not be observable in the skeleton. In ancient human populations, generally "half of the individuals born died during infancy or childhood" with infectious disease being the major cause of death (Ortner and Putschar 1981:104) . The high fertility rate at Vat Komnou indicates childhood mortality was high, but the cause of death is difficult to determine. The absence of pathological changes in most of the skeletons suggests acute infectious disease as a plausible cause of death given the easy accessibility of Vat Komnou via waterways and frequent person-to-person contact as a result of increased trade traffic and interaction in a regional center that was an important political asset in a maritime trade economy (Ikehara-Quebral 2010) . In Vietnam, an increase in infectious disease from the Neolithic/Pre-Metal Period (one individual affected) to the Metal Period (as much as 10.9 percent) is attributed to multiple factors, including changes in land use/cultivation, dietary changes, increased pathogen loads, exposure to new disease vectors, massive population movement into the region (including the Han Chinese military campaigns at the terminal Bronze Age), increased population density along with decreasing levels of sanitation, and recent re-location to the region with a less locally-adapted immune system (Oxenham et al. 2005; Oxenham et al. 2006 ). These factors also likely contributed to the health status of the ancient inhabitants of Vat Komnou and other groups from Southeast Asia, including extensive inter-community trade in the late Iron Age (Newton 2014: 169-171) .
Evidence of traumatic injury in the Vat Komnou sample is fairly low, occurring in 13.5 percent (15/111) of the individuals, with the risk of injury equal in males and females, and absent in subadults younger than 15 years (Ikehara- Quebral 2010) . There are no signs of injuries from warfare or violence. Males are relatively more affected than females by trauma to the neck/throat, wrist, ankle, and foot, while females exhibit more trauma in the hip region (ischiopubic ramus) and lower back. Crushing trauma and shoveler's fractures in the neck in males and Schmorl's nodes and stress fractures in the lower back in females can be plausibly attributed to repetitive or strenuous labor activities rather than accidental trauma. Although sex differences per anatomical region cannot be tested for significance due to small sample size, a sexual division of labor is further suggested by DJD frequencies (discussed below). While agricultural productivity in the Mekong Delta was likely high during the Protohistoric/Iron Age Period, there is no evidence of a laborer population at Vat Komnou, given the low incidence of trauma and very little advanced degenerative disease. Low rates of dental disease, linear enamel hypoplasia, trauma, and chronic infectious disease characterize this sample (Ikehara-Quebral 2010) .
BIOCULTURAL PRACTICES DJD patterns, cultural dental modifications, and indicators of oral-dental health at Vat Komnou and eight neighboring Protohistoric/Iron Age sites are presented to illustrate how biocultural practices may have affected health (Table 5 ). The Phum Snay and Phum Sophy skeletal series were derived from both excavated material and large ossuary collections (the result of modern looting) (Domett et al. 2013:274) . The dental data for some of the comparative samples were not easily accessible, not published in English, not reported in detail, or not consistently quantified for inter-site comparisons, but whenever possible they are included in this study because of the paucity of available Protohistoric/Iron Age data from Cambodia and Vietnam.
Degenerative Joint Disease
The patterning of DJD, the progressive biomechanical "wear and tear" of the articulating joint surfaces of bones, can be used as an indicator of differential workloads, occupational differences between groups, or a sexual division of labor, even if the stress-inducing activity is not identifiable. In modern populations, DJD appears to be generally more common in females than males, but studies suggest the opposite holds true in prehistoric populations (Machicek and Beach 2013:254) . DJD was analyzed by "functional unit" to look for patterns in manifestations of physiological stress (following Douglas 1996) . For example, the individual articular surfaces of the scapula, clavicle, and humeral head were summed to represent the shoulder unit. Only adults greater than 20 years of age are included in this discussion. Degenerative changes in the infracranial skeleton were systematically recorded using a scale of none, slight, moderate, or marked degrees of osteoarthritic lipping and degeneration (after Brothwell 1981) . Osteoarthritis was scored in the articular facets of the appendicular skeleton and vertebrae; osteoporosis and osteophytic lipping of the vertebral endplates were also recorded. Eburnated and fused joint surfaces were described and documented (following Rogers et al. 1987) . Suspected cases of traumatic osteoarthritis, i.e., accelerated degeneration due to trauma rather than normal wear and tear, were excluded. Since relatively few moderate and marked scores were observed, Fisher's Exact Test (FET) was performed on the male-female distribution of absence versus presence (i.e., any expression of DJD). All FET statistics in this paper were calculated with a significance level of a = 0.10 (two-tailed). For chi-square (x 2 ) tests, a two-by-two contingency table was used, with degrees of freedom (df) equal to 1, and Yates' continuity correction factor. Very little advanced DJD occurs in the adult appendicular and axial skeletons from Vat Komnou, perhaps due to the high number of young adults in the sample. When analyzed by age, appendicular DJD shows no significant differences between males and females. In the axial skeleton, young adult (20-35 years) females have significantly higher rates of osteoarthritis in the sacroiliac joint, osteophytic lipping of the thoracic endplates, and osteophytic lipping of the combined vertebral endplates than males (Table 6 ). In middle-aged adults (35-50 years), males have significantly higher rates of osteophytic lipping of the cervical endplates, and osteoarthritis of the articular facets in the cervical, thoracic, and combined vertebrae, while females have a significantly higher rate of osteophytic lipping in the lumbar endplates (Table 7) . Analyzing sex differences by functional unit, a significantly higher rate of DJD of any degree occurs in males in the shoulder, ankle, and foot regions and in females in the sacroiliac joint (Table 8 ). In the neck region, osteoarthritis of the articulating facets of the first and second cervical vertebrae is significantly higher in male vertebrae (5/10 or 50.0 percent) than female vertebrae (0/12 or 0.0 percent) (FET, p = 0.0096). As expected, older individuals display more advanced degenerative changes than younger individuals. Only males attain marked degrees of DJD in the appendicular and vertebral skeleton, indicating participation in more habitual or strenuous activities than females. These significant differences in the distribution of DJD throughout the appendicular and vertebral skeletons suggest a sexual division of labor that differentially affected the health of males and females beginning in early adulthood. At late Iron Age site Phum Snay, Cambodia, severe degeneration is exhibited in the neck region (C4, C7) of a middle-aged male, the spine of an 18-22-year-old male (along with Schmorl's nodes), and the right foot of a female (Domett and O'Reilly 2009:72) . However, no sex differences were reported due to small sample size. At Iron Age site Gò Ô Chùa, Vietnam, there were no sex differences in DJD rates and the most affected joints were the shoulder and knee regions (Francken et al. 2010:20) . At Ban Chiang, northeast Thailand, a Neolithic to early Iron Age site (Pietrusewsky and Douglas 2002) , analysis of DJD patterns in the appendicular skeleton suggests males experienced more mechanical or repetitive stress throughout their body and at an earlier age than females (Douglas 1996:244) . At the early Neolithic to late Iron Age site of Ban Non Wat in northeast Thailand, Domett and colleagues (2014) reported osteoarthritis occurred most often in the shoulders, elbows, knees, and feet, with consistent patterns through time, although published data are not available.
Cultural Modification of Teeth
Cultural alterations of dentition are often dichotomized as incidental (e.g., wear from using teeth as tools, betel staining from chewing Areca catechu nut) or intentional (e.g., purposeful filing or incising of the enamel, deliberate extraction of teeth, decorating or blackening teeth). Four types of cultural dental modifications that occur in Protohistoric/ Iron Age skeletons from Cambodia and Vietnam are assessed for their impact on oraldental health: enamel staining, intentional filing of the teeth, the use of teeth as tools, and the deliberate extraction of teeth (tooth ablation). At Vat Komnou, enamel staining was systematically recorded in each permanent tooth as absent or present, and the crown surface location of the staining (i.e., lingual, buccal, or circumferential) and color were described. Each case of suspected intentional tooth filing was described in detail. To assess the use of teeth as tools and differences in dental wear patterns, the degree of dental attrition was scored as none, enamel, dentin, pulp, or root. Although tooth ablation is difficult to demonstrate conclusively in archaeological remains, it may be detected in a sample by the patterning and frequency of antemortem tooth loss despite good oraldental health in the affected individuals (Milner and Larsen 1991:363; Pietrusewsky and Douglas 1993:261) . At Vat Komnou, deliberate tooth removal was systematically recorded as absent or present for each permanent tooth, and only included adults (at least 15 years of age) with at least one incisor or canine scored. Although tooth ablation is absent in the Vat Komnou sample, it warrants discussion in this article as it is the most common type of purposeful dental modification in the region and occurs in all of the other comparative samples from Cambodia. Cultural practices such as dental filing, using teeth as tools, or betel chewing, which promote advanced enamel wear and exposure of the pulp cavity, leave the teeth and surrounding bone vulnerable to infection and carious destruction. Dental modifications which expose the pulp cavity can potentially negatively affect oral-dental health and are assessed for association with dental pathologies (e.g., caries, periapical cavities, dental calculus, and alveolar resorption). Dental caries are defined as "progressive demineralization of the enamel, cementum, and dentine of the tooth by organic acids, which are produced through the fermentation of dietary carbohydrates by some plaque bacteria," with sugar the main cause of caries (Hillson 2008:313) . Dietary habits such as the consumption of soft, sticky, and sweet foods and poor oral hygiene are associated with carious lesion formation (Lieverse et al. 2007:329) . In the Vat Komnou dental sample, carious lesions were systematically scored per tooth as none, occlusal surface, interproximal surface including cervical region, smooth surface, cervical caries excluding interproximal region, root caries, and huge caries (following Buikstra and Ubelaker 1994:55) . A periapical cavity, bone loss usually found at the apex of the tooth root, is the result of periapical inflammation due to infection of the pulp chamber (Hillson 2008 ).
Periapical lesions were described in detail and systematically recorded as none, less than 3 mm, greater than 3 mm, and greater than 15 mm (following Clarke and Hirsch 1991a; Dias and Tayles 1997; Hillson 2008) . While its etiology is multifactorial, the primary pathological agent of periodontal disease is large colonies of nonmineralized bacterial plaque, which adhere to mineralized plaque (calculus) and promote the bony response of alveolar resorption (Lieverse et al. 2007:330-331) . Calculus was systematically recorded on all permanent teeth as none, slight, moderate, and marked (following Brothwell 1981) . Alveolar resorption, bone loss of the alveolar process due to inflammation, was systematically scored as the degree of porosity of the cortical bone surrounding the alveolar socket, using a scale of none, slight (evidence of porosity), moderate (more advanced porosity), and marked (macroporosity) (following Douglas 1996:32).
Tooth Staining -Staining of the dental enamel surface may be the incidental result of habitual betel chewing or the deliberate attempt to attain a particular appearance. Betel chewing is a widespread practice in the Pacific-Asia region, with an estimated 400 million habitual chewers (Office of Planning and Statistics 1995:2) . Preparing the betel quid (often referred to as "betel nut") for chewing typically involves "wrapping slivers of the seed ('areca nut') of the areca palm (Areca catechu L., Arecaceae) with slaked lime (calcium hydroxide) in a betel leaf (Piper betle L., Piperaceae)" (Zumbroich and Salvador-Amores 2009:126) . The earliest archaeological evidence of A. catechu palm is found at Spirit Cave in Thailand over 10,000 years ago and eastern Timor 13,000-4000 years ago, although betel-stained teeth are not documented in the bioarchaeological record until 5000 B.P. in the Philippines (Fitzpatrick et al. 2003) .
While it may be difficult to distinguish intentional staining (i.e., dyeing or blackening teeth) from incidental betel staining in archaeological samples, as the two may occur simultaneously, purposeful staining is expected to be more intense and evenly distributed on the labial and lingual surfaces of the anterior tooth crowns but barely discernible in the posterior teeth, while incidental staining may be less distinct and found differentially throughout the dentition. However, not all purposeful staining is necessarily dark. Light intentional staining could be attributed to a dye that fades over time. While various "tooth blackening" concoctions have been documented elsewhere (Dark 1987:37; Krämer 1926; Lévesque 1996:75) , the ability to distinguish incidental from intentional staining in bioarchaeological samples may be complicated by the simultaneous use of areca nut for both tooth dyeing and chewing, as documented in the Philippines (Zumbroich 2007:103) .
Extensive betel chewing is associated with a lower prevalence of dental caries in some groups, including reduced food consumption, heavier saliva flow, an increased alkaline environment, and accelerated wear (dental attrition) which removes potential caries loci (Powell 1985:315 ). An increased alkaline environment and diets high in protein promote dental calculus formation (Lieverse 1999:219) .
Incidental light brown to dark red-brown staining of the permanent dental enamel, presumed to be the result of betel chewing, is observed in 90.9 percent (30/33) of the Vat Komnou adults, occurring nearly equally in 90.0 percent (18/20) of the males and 92.3 percent (12/13) of the females. The per tooth rate of betel staining is 76.0 percent (218/287) in males and 65.9 percent (139/211) in females. More male molars (65/120 or 54.2 percent) are affected than female molars (30/88 or 34.1 percent), a distribution that is statistically significant (FET, p = 0.0049). Betel chewing may have contributed to the higher (per tooth) rates of advanced calculus (26.2 percent) and advanced wear (11.6 percent) in Vat Komnou males compared to females (13.1 percent and 8.9 percent, respectively), although neither of these distributions is statistically significant. Dental staining in one adult male appears to be intentional, as a dark reddish-brown stain is visible on the labial/buccal surfaces of the anterior maxillary teeth and first molars, but absent on the lingual surfaces (Fig. 9) .
Since betel chewing is cariostatic and associated with increased periodontal disease (Douglas et al. 1997; Pietrusewsky, Douglas, et al. 2011 , the prevalence of individuals with betel-stained teeth at Vat Komnou suggests this practice contributed to a low caries rate (5.0 percent) while detrimentally promoting advanced calculus accumulation (20.8 percent). Betel-stained teeth were reported 3000-1670 B.P. in 74.2 percent (23/31) of the Bronze/Iron Age individuals from Nui Nap in northern Vietnam near Man Bac, occurring in more female individuals (9/11 or 81.8 percent) than male individuals (9/13 or 69.2 percent) and in 50.4 percent (281/558) of the teeth, but the pattern of concentrated staining on the labial surfaces of the anterior teeth suggests the staining may have been purposeful (Oxenham et al. 2002:911) . Although seven out of the eight individuals with caries also had betel-stained teeth (possibly due to the topical application of betel quid juice rather than from prophylactic betel chewing), and only 15 out of 23 individuals with no caries had betel-stained teeth, there is no statistical correlation between caries and betel staining at this site (FET, p = 0.3791) (Oxenham et al. 2002:911) . At the Iron Age site Prohear in southeast Cambodia, dark reddish-brown staining concentrated on the anterior enamel surface of the front teeth, but was not found in the posterior teeth, suggests intentional staining occurred in at least one individual (Krais et al. 2012) . Tooth staining was not reported for any of the sites in northwest Cambodia, suggesting that during the Protohistoric/Iron Age Period, both incidental and deliberate staining may have been geographically restricted to southern Cambodia and northern Vietnam, although its occurrence may have extended further south to Giong Co Vo, Vietnam, by the end of the Bronze Age (c. 2500 B.P.) (Oxenham et al. 2002:914) .
Dental Filing -Intentional tooth filing is documented in ethnographic studies of Island Southeast Asia, including Indonesia, Borneo, and the Philippines (Domett et al. 2013:284) . While tooth filing is found in several bioarchaeological samples from Cambodia, this practice is not reported in samples from Vietnam or Thailand. At Vat Komnou, the upper and lower anterior teeth (permanent incisors and canines) of two males and two females appear to be deliberately filed with a rounded tool to create interproximal grooves or notches extending to the crown edges, in adjacent teeth, and usually occurring in the antimeres (Fig. 10) . In the maxilla, the mesial and distal enamel surfaces of the lateral incisors and canines are filed, creating a blunt point, while the only preserved maxillary central incisor in affected individuals is filed on the mesial edge only. In the mandible, the central incisor is either filed to a point or is extremely worn, the lateral incisor is always filed to a point, and the canine may be filed to a point or only affected on the mesial edge. In one individual all mandibular incisors and canines are filed to a point. Interproximal filing of at least one anterior permanent tooth occurs in 16.0 percent (4/25) of the Vat Komnou individuals over 15 years of age, affecting 16.7 percent (2/12) of the females and 15.4 percent (2/13) of the males, with no significant sex distribution. Carious destruction of the filed tooth surfaces is absent in all four individuals with tooth filing, but calculus formation appears to be greater in filed teeth relative to unfiled teeth in two of the individuals.
The two Vat Komnou males with deliberate tooth filing, Burials 32 and 36, each have a single periapical cavity in the alveolar region associated with filed teeth (mandibular right central incisor and maxillary left canine). While sample size is too small to determine a correlation between tooth filing (with pulp exposure) and infection of the surrounding bone, in both individuals filing exposed the dental pulp. Pulp exposure inevitably results in infection of the tooth and eventually the surrounding bone (Clarke and Hirsch 1991b:297) . When the pulp is invaded by pathogenic microorganisms and their toxins, it can become inflamed, and if left untreated, this will progress to pulp necrosis and infection (Yu and Abbott 2007:S4) , and subsequently spread to the surrounding alveolar bone (i.e., periapical cavity formation). The overall periapical cavity rate at Vat Komnou is 1.9 percent (10/523 alveoli), affecting eight individuals (four of the 17 males and four of the 13 females). Eight affected tooth sockets in the six individuals with no dental filing include the maxillary canine, third premolar (three cases), and second and third molars, and the mandibular third and fourth premolars. At least five of the eight (62.5 percent) individuals with periapical cavities have dental pulp exposure in the affected or adjacent teeth.
Intentional dental filing is reported in only four of the seven samples from Cambodia, and is restricted to the Protohistoric/Iron Age Period (Table 9 ). Purposeful dental filing occurred bilaterally in the maxilla and mandible, with anterior teeth filed either to a point or with just one (mesial or distal) tooth crown edge affected. At Phum Snay and Phum Sophy, 4.3-6.9 percent of the upper or lower jaws were affected and several patterns (four in the maxilla and six in the mandible) of dental filing involved the anterior teeth in either jaw (Domett et al. 2013:279) . Only maxillae and mandibles with a complete set of anterior teeth (canines, lateral, and central incisors) were included in the analysis, although the actual rate of affected jaws might be higher if only jaws with at least one observed incisor or canine were included. The Phum Sophy sample always involved canines, while this is true for only two cases at Phum Snay. At Vat Komnou, at least one canine is always involved in each affected individual with no clear pattern. At Krasang Thmei, one individual (1/4 or 25.0 percent), a possible male, had intentional filing of his upper left central incisor (Domett 2005:7) . Analyzed per jaw, both Vat Komnou (maxillae and mandibles) and Krasang Thmei (maxillae) have higher frequencies of filing than Phum Snay and Phum Sophy, although sample sizes are too small to test for significance. In summary, filing at Phum Sophy and Vat Komnou involved at least one canine in the upper or lower jaw, with a variety of patterns represented in these samples from Cambodia.
The correlation between two oral-dental health indicators (caries and periapical cavities) and dental filing in the Phum Snay and Phum Sophy samples cannot be determined because individual data were not reported, although these two samples had c Four maxillae at Phum Sophy are reported as affected (Domett et al. 2013:279) , although only three are listed by sex in Table 3 in Domett et al. (2013:281) . d Domett (2005) . much higher group frequencies of these two indicators than the Vat Komnou sample. At Krasang Thmei, dental caries were absent in the filed tooth and periapical cavities could not be recorded, likely due to poor preservation of the surrounding alveolar bone (Domett 2005) . A larger sample is needed to test for a correlation between oraldental health and filing at Vat Komnou.
Teeth as Tools -Teeth can record the pathological effects of non-masticatory activities that result in distinctive patterns of abrasion, crown fractures, or traumatic tooth loss (Larsen 2015:288) . Here, we briefly discuss wear patterns that could indicate the use of teeth as tools. Dental wear patterns in the Vat Komnou adult sample were analyzed for age and sex differences (Ikehara-Quebral 2010) . Overall, dental attrition (slight, moderate, or marked degrees) is nearly equal in male (97.5 percent) and female (98.5 percent) teeth, and is most commonly dentin exposure. In the mandible, advanced attrition (wear to the pulp or root) occurs in significantly more male teeth (22/154 or 14.3 percent) than female teeth (3/83 or 3.6 percent) (Yates x 2 = 5.427, df = 1, p = 0.0198), which suggests males had a more fibrous diet than females, although the use of teeth as tools cannot be ruled out. The use of teeth as tools could also have contributed to the unusual wear patterns and interproximal notches observed in the filed teeth of Vat Komnou males and females, and should be investigated further, including the analysis of enamel chipping and fracture patterns.
Tooth Ablation -Tooth ablation, the deliberate removal of anterior teeth in the living, has been recorded in archaeological samples as far-flung as Japan, Taiwan, Southeast Asia, Africa, Europe, Siberia, the New World, and Australia (Kusaka et al. 2009; Pietrusewsky and Douglas 1993; Pietrusewsky, Lauer, et al. 2014; Tayles 1996) (Fig. 11) . Ablation of the anterior teeth may mark a rite of passage such as the onset of puberty, marriage, a mourning ritual, or indicate group membership (Pietrusewsky and Douglas 1993:255) . The purposeful removal of anterior teeth in an archaeological sample is presumed by a repeated symmetrical pattern of antemortem tooth loss in multiple individuals despite the appearance of otherwise good oral-dental health, and is even more compelling when this practice is documented in early historic records. Congenital absence of anterior teeth, rather than their intentional removal or pathological loss, can be ruled out if there are interproximal wear facets on the adjacent teeth and adequate residual space for the missing teeth (Nelsen et al. 2001:964) , but in practice this may be difficult to discern due to postmortem loss of adjacent teeth and damage to the alveolar bone.
While deliberate tooth removal is absent (0/17 males, 0/13 females) in the Vat Komnou, southern Cambodia dental sample, it was documented at seven Iron Age sites in northwest Cambodia, suggesting cultural affinities or migration between these neighboring sites (Chhem et al. 2004; Domett 2005; Domett et al. 2013; Frelat and Souday 2015; Frelat et al. 2016) (Table 10 ). Ablation was also found at Iron Age site Gò Ô Chùa in southern Vietnam (Francken et al. 2010:19-20) . At the Iron Age site Noen U-Loke, Thailand (Nelsen 1999:95; Nelsen et al. 2001; Tayles et al. 2007:281-284) , where 120 individuals were recovered, at least one lateral incisor is missing in 30/38 individuals (78.9 percent). Since congenital absence cannot be ruled out for 42 percent of the Noen U-Loke lateral incisors (due to inadequate alveolar space between the central incisor and canine, which suggests the teeth were never present), this site is excluded from further discussion. Ablation was also recorded at three Neolithic sites in Vietnam and Thailand Oxenham and Domett 2011:82; Sangvichien et al. 1969; Tayles 1996:336-337) .
The range of variation in Iron Age samples includes most commonly a bilateral removal of maxillary lateral incisors at Phum Snay and Phum Sophy , probable ablation of all mandibular incisors in two cases at Krasang Thmei (Domett 2005) , and a bilateral removal of maxillary lateral incisors and canines in two individuals at Koh Ta Méas (Frelat and Souday 2015) . In Early Neolithic samples, a bilateral removal of one to two mandibular incisors occurred at Con Co Ngua, Vietnam (Oxenham 2000:197) , and the ablation of maxillary lateral incisors, usually bilaterally, occurred at Khok Phanom Di, Thailand Tayles 1996:336-337) . Both maxillary central incisors were always ablated during the Late Neolithic period at Khok Phanom Di, occurring in 100 percent of the 22 individuals with teeth.
To examine temporal changes in the tooth ablation rates in the Southeast Asia samples reported in Table 10 , we substituted the number of affected/observed maxillae reported by Domett and colleagues (2013) for the number of affected individuals at Phum Snay and Phum Sophy, and samples of similar temporality were combined into a single sample (excluding Prei Khmeng, Koh Krabas, and Man Bac due to incomplete data). The Protohistoric/Iron Age tooth ablation rate (91/234 individuals or 38.9 percent) is very similar to the overall Neolithic rate (61/159 individuals or 38.4 percent) and the Early Neolithic rate (39/123 individuals or 31.7 percent). However, a statistically significant (FET, p = 0.0019) difference in tooth ablation rates is found in the Early Neolithic sample (31.7 percent) compared to the Late Neolithic sample (22/36 individuals or 61.1 percent), and a significant difference exists between the Late Neolithic (61.1 percent) and the Protohistoric/Iron Age (38.9 percent) samples (FET, p = 0.0174). Although some of the reported data Domett et al. (2013) . d Domett (2005) . e Frelat and Souday (2015) . Includes only individuals with anterior maxilla preserved. f Chhem et al. (2004) ; Domett et al. (2013:280) . g Domett et al. (2013:280) . h Francken et al. (2010:19-20) ; Reinecke et al. (2009:109) . i Sangvichien et al. (1969) . Frequencies in individuals >15 years compiled (this study) from burial descriptions and photographs. j EN, Early Neolithic; LN, Late Neolithic. k Oxenham and Domett (2011:82) . l Oxenham (2000:197) . m Domett et al. (2013); Tayles (1996:336-337) . Note: At least one lateral incisor is missing in 30/38 individuals (78.9 percent) at Iron Age site Noen ULoke, Thailand (Nelsen 1999; Nelsen et al. 2001; Tayles et al. 2007:281-284 ; N = 120 individuals recovered), but congenital absence of lateral incisors cannot be ruled out in the most cases.
had to be re-interpreted to enable these comparisons, there appears to be a highly significant increase in the practice of tooth ablation from early to late Neolithic times, and then a significant decrease from late Neolithic to the Protohistoric/Iron Age Period. Root remnants in partially remodeled alveolar sockets suggest tooth extraction occurred by knocking out rather than pulling out teeth in seven cases at Phum Snay and Phum Sophy (Domett et al. 2013:278) . The traumatic removal of teeth could cause soft tissue damage or fracturing of the surrounding alveolar bone, possibly leading to infection and necrosis of tooth remnants. In 13 Southeast Asia samples surveyed, the samples with the highest frequencies of periapical lesions (from Khok Phanom Di, Noen U-Loke, Phum Snay, and Phum Sophy) also had evidence of tooth ablation (Newton et al. 2013:7) . However, in a more recent study, it appears that tooth ablation is not associated with poorer dental health in prehistoric Southeast Asia (Newton and Domett 2014:195) .
Oral-dental Health
The study of Vat Komnou teeth and the surrounding alveolar bone allows us to make inferences about the health impact of dietary practices, including food preferences and their preparation. The oral-dental health of the Vat Komnou permanent tooth/ alveolus sample was assessed in individuals over 15 years of age (Table 11 ). An overall low rate of carious teeth (5.0 percent) and a moderate rate (10.4 percent) of advanced dental attrition suggest the consumption of fibrous, abrasive foods (including betel quid) that helped remove plaque bacteria from the teeth.
Vat Komnou males are more affected than females by advanced (moderate and marked) levels of calculus and alveolar resorption, two indicators of periodontal disease. Twice as many Vat Komnou male teeth (26.2 percent) as female teeth (13.1 percent) exhibit advanced levels of calculus, an extremely significant (FET, p = 0.0004) sex difference that is also found in young adults. Significantly (FET, p = 0.0116) more male sockets (21.2 percent) than female sockets (11.8 percent) are affected by advanced alveolar resorption. Sex differences in cultural practices that promote an alkaline oral environment, such as the consumption of a high protein diet or betel chewing, or poorer oral hygiene might account for more oral-dental disease in males.
Inter-site Comparisons -Per tooth caries rates were higher in females than males in 75.0 percent (12/16) of the Southeast Asia dental samples surveyed by Newton and colleagues (2013:8-9 ) and at Gò Ô Chùa (males 18.8 percent, females 46.7 percent) (Francken et al. 2010:19) . Newton and colleagues (2013:6-9) suggested that this trend, common in world-wide samples, may be the result of physiological factors differentially affecting males and females, including the rate of salivary consistency and flow, hormones, pregnancy, and high fertility. Despite the high fertility rate at Vat Komnou, male and female caries rates are not significantly different. In a previous study comparing dental data recorded in Vat Komnou and a number of Southeast Asia groups, there was no apparent temporal trend in rates of advanced attrition, carious lesions, and advanced periodontal disease (Ikehara-Quebral 2010:171-177) . Differences in pathology rates in the Southeast Asia groups were attributed to local differences in diet and food preparation, physiological factors, use of teeth as tools, cultural dental modification, and oral hygiene.
SEXUAL DIVISION OF LABOR
Several pathological changes of the skeleton discussed above support a distinct sexual division of labor at Vat Komnou, including differences in infection rates and the occurrence of DJD and trauma in specific areas of the skeleton. That only males are affected by chronic infection suggests males had a greater exposure to bacterial infection than females, and further suggests occupational differences such as more exposure to disease vectors when clearing land, tending animals, hunting, traveling to other regions, and perhaps more interaction with non-locals for trade, politics, and so on. Significant differences in the distribution of DJD throughout the appendicular and vertebral skeletons, reinforced by sex differences in trauma frequencies for the same anatomical regions (except no shoulder trauma), suggest a sexual division of labor that differentially affects the health of males and females beginning in early adulthood. Male activities such as plowing, net fishing, metal production, metalworking, carrying heavy loads, or hunting would stress the neck, shoulder, ankle, and foot regions, while female activities, such as bending forward to plant or harvest crops, childbearing, squatting to process or cook foods, and repetitive lifting of heavy objects would place more pressure on the middle and lower back and strain the sacroiliac joint (Ikehara-Quebral 2010).
CULTURAL BUFFERS
While this article focuses on cultural practices that could explain some of the skeletal and dental changes observed in the Vat Komnou cemetery sample, some of the cultural practices mentioned earlier would have buffered the Vat Komnou inhabitants from environmental instability, famine, and military threats, and helped to maintain good health. These practices include, but are not limited to, the construction of water features, walls and moats, a protein-rich diet, rice cultivation, and trade. Over 100 water features at Angkor Borei would have buffered the Vat Komnou inhabitants during the prolonged dry season caused by tropical monsoons, and could also provide a steady supply of fish. The brick walls and moats could have served a defensive purpose against human or flooding threats. Archaeological and isotopic evidence suggests there was abundant protein available and consumed at Angkor Borei and that the diet was rich in C 3 foods (which includes rice). Archaeological evidence in Iron Age Southeast Asia shows a proliferation of village communities in major river valleys whose subsistence included rice cultivation. These settlements were on the margins of the floodplains which were suitable areas for wet-rice agriculture (Higham 2014) . Presentday Angkor Borei is one of Cambodia's most productive rice farming regions and may have been an ideal location for rice farming in the past. Lastly, while a trade network with outsiders may have brought infectious disease, trade could have also provided a variety of foods, farming tools, livestock, medical supplies, new technologies and ideas, and other benefits which could have helped people maintain good health during a time of dramatic socio-cultural change.
SUMMARY AND CONCLUSIONS
During the Protohistoric Period, Mekong populations exploited a range of agricultural strategies, including the increasing reliance on rice that occurred throughout mainland Southeast Asia (Higham 2014; Weber et al. 2010) . A broad-based hunting and gathering subsistence strategy is likely to have continued from prehistoric times, with new cultivars such as rice gradually added to the food spectrum and supplemented by a strong trade-based economy to increase dietary breadth and maintain good health. Until recently, there was no evidence of agricultural intensification (i.e., dependence on a few staple crops) and the associated cultural and environmental changes that were accompanied by dramatic declines in health in other parts of the world. In fact, most early Southeast Asia groups were relatively healthy Douglas and Pietrusewsky 2007; Ikehara-Quebral 2010; Oxenham et al. 2006; Pietrusewsky and Douglas 2002) compared to groups that adopted intensive agricultural practices elsewhere (Cohen and Armelagos 1984; Cohen and Crane-Kramer 2007) . Furthermore, there is no evidence in several Southeast Asia groups that an increased reliance on rice contributes to poorer health (Clark et al. 2014; Tayles et al. 2000) and no clear temporal trend of declining oral-dental health, which varies with the health indicator assessed (Ikehara-Quebral 2010; Newton and Domett 2014) . However, Newton (2014) suggested that late Iron Age samples from Phum Snay and Phum Sophy show a high dependence on agricultural foods and she demonstrated a decline in health likely coinciding with an intensification of agriculture. Instead of a uniform regional trajectory, there appears to have been local variation in the timing and tempo of cultural and environmental changes that affected health. Ancient human skeletal and dental remains recovered from a portion of the Vat Komnou cemetery mound, a protohistoric site in Angkor Borei, southern Cambodia, were examined for evidence of cultural practices that could affect health, including a sexual division of labor, dental modification, and diet. Skeletal changes suggest a distinct sexual division of labor, with male activities placing more stress on the neck, shoulder, ankle, and foot regions, and female activities affecting the middle to lower back and sacroiliac joint. The occurrence of chronic infectious disease in males (but not females) also suggests occupational differences that increased male exposure and limited female exposure to bacterial vectors. Intentional dental filing could have contributed to poorer oral-dental health in two individuals, although we could not test for a statistical significance due to insufficient data. Angkor Borei's cultural importance as a regional center during the Funan period, its accessibility by waterways to other urban centers, and burial goods such as South Asia beads suggest Vat Komnou inhabitants participated in a maritime trade network, which would have promoted the easy transmittal of infectious disease and potentially introduced new diseases for which they had no natural immunity (Larsen and Milner 1994) . Sudden death by acute illness would explain the low incidence of observed pathological changes in the Vat Komnou skeletons. During this period of intensified agriculture, there would also have been more exposure to zoonoses with the clearing of forests, bodies of standing water, the maintenance of farm animals, and higher population densities (Ikehara-Quebral 2010:191) .
Stable isotope ratio analyses suggest that the Vat Komnou inhabitants had a relatively greater reliance on fish and estuarine/riverine dietary resources than on terrestrial protein compared to other bioarchaeological samples from Southeast and East Asia. Dental pathologies suggest that they consumed a mixed diet with a greater reliance on fibrous foods than soft, processed agricultural foods. Preliminary analysis of the nonhuman faunal remains recovered from Angkor Borei suggests a broad-spectrum diet and varied use of the local environment. Pottery and pig heads as mortuary offerings, intentional dental modifications, and immigrants buried at the Vat Komnou cemetery suggest cultural affinities and intermarriage with other groups in the region. Despite the increased exposure to disease vectors expected in an area easily accessible by waterways, and other social and environmental stressors that accompany increasing socio-complexity, the ancient inhabitants of Vat Komnou were a relatively tall, healthy group of people.
FUTURE RESEARCH
Although the bioarchaeological database of human skeletal remains from Cambodia is slowly growing, little is known about the health and cultural practices of its ancient inhabitants. Additional samples from Cambodia that span the late Bronze Age to late Iron Age, and which are large enough to test for differences between early and late phases in a single sample, would increase our understanding of local and regional health trends during the period of significant socio-cultural changes associated with early state formation.
A more detailed examination of trauma to the Vat Komnou teeth, including enamel chipping, fracture patterns, filing, and interproximal notches, would supplement the wear pattern data and increase our understanding of the cultural modification of teeth, including the use of teeth as tools, and its impact on oral-dental health.
Ongoing studies at Angkor Borei include faunal analysis to determine changes in the local environment over time and isotope studies of additional bone and tooth samples, including faunal remains, to further illuminate dietary and migratory practices.
